Estimating the relative complex permeability of each component of samarium-substituted yttrium iron garnet nanoparticles in poly-vinylidene-fluride (Sm-YIG-PVDF) composite samples via a numerical optimization method is performed using a MATLAB program. The optimization is taken as the optimized parameters that yield a minimum sum for the absolute differences between the calculated impedance obtained by using the permeability calculated from Maxwell-Garnett (MG) formula and the measured equivalent one over the entire frequency range named the objective function (M). The guessed (estimated) ranges of the complex permeability are based on the measured values of each component of Sm-YIG-PVDF composite samples. The optimized (optimum) impedance values are in very good agreement with the measured ones for each composite and within the estimated ranges. More details on the optimization procedure and the permeability of different composition of the Sm-YIG-PVDF composite materials are illustrated.
Introduction
It is necessary to study the electromagnetic properties of the materials due to the potential application in microwave and communication devices. Study of the frequency dependency of the complex relative permittivity and permeability on the ferrite material has been a field of interest. Furthermore, the ferrite-polymer composites are useful as microwave applications due to their lightweight, low cost, and good design flexibility [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Designing composite ferrite materials for electromagnetic or microwave applications with a classical trial and error approach requires a lot of time and money. Using computers, modeling and optimizing desired electromagnetic properties of such materials can be predicted and corrected. The Maxwell-Garnett (MG) formula is a well known mixing rule for the effective complex permeability of two phases mixture materials [11] . The ability to design the desired properties of the composite material could trigger new variety of applications. However, improvements of the procedures to be more accurate to calculate the electromagnetic properties of composite materials are more important [12] . Estimating the permeability of ferrite-polymer composite with a new optimization procedure, in order to have good agreement results with the measured permeability values of the composite is the mean subject of the this study. 
Methodology
When the RF (Radio Frequency) Impedance/Material Analyzer (Agilent 4291B, 1 MHz -1.8 GHz) measures magnetic materials, the complex relative permeability value is calculated from the measured impedance as the following equation:
Where, µ r is the complex relative permeability, Z m is the measured impedance, µ o is the permeability of free space, "h" is the height of MUT (material under test), "c" is the outer diameter of MUT, "b" is the inner diameter of the MUT [13] .
A MATLAP program [14, 15] was used to predict the complex relative permeability of each component of the Sm-YIG-PVDF composite material within the frequency range of 10 MHz to 1 GHz ( Fig. 1 ).
Fig.1.
Chart of the optimization process using the MATLAB program.
Advanced Diffusion Processes and Phenomena
The criterion for optimization was taken to be that the optimized parameters yield a minimum sum for the absolute differences between the calculated impedances obtained by using the permeability calculated from the MG formula Eq. (2), and measured equivalent ones over the entire frequency range named the objective function (M) Eq. (3), as follows:
Where, k 1 is the permeability of the host material, and that for the guest is k 2 . The important parameter is the volume fraction of the inclusions f. The volume fraction occupied by the host is 1-f.
Where, Z m and Z MG are the measured and the calculated impedance by using the permeability obtained from the MG formula, respectively. n = 124, is the number of measured or calculated impedance data points of the composite. This is to estimate the complex permeability of each component of a composite material. The guessed or estimated ranges of the complex permeability are based on the measured values of each component of the Sm-YIG-PVDF composite samples.
The program will repeat the calculation with new estimated values of the permeability of the material of interest via a loop to find the local minimum values of the objective function. This loop repeats the calculations a specified number of times until the objective function condition is satisfied at the global minimum value.
The global minimum value is given at the lower minimum value of the local minimum values of the objective function M. When the objective function condition is satisfied, the program gives the estimated value of the complex permeability of the investigated composite sample [14, 15, 16, 17, 18] . Figure 2 presents the measured impedance, calculated and optimized one based on MG formula of Y3 (Y 3 Fe 5 O 12 ) in the PVDF composite. The estimated ranges of the real and imaginary complex permeability of the Y3 are from 8.5 to 10.5, and from 4.5 to 6.5, respectively. The guessed ranges of the real and imaginary complex permeability of the PVDF are from 0.8 to 1.2, and from 0.01 to 0.05, respectively (Table 1 ). It was found that the optimized (optimum) impedance is a very close to the measured one. This indicates that the optimization process eliminated the difference between the measured impedance and the calculated one by using the MG formula via a specific objective function.
Results
The optimum estimated values of the effective complex permeability within the specified limits estimated range of each complex permeability component of Y3 in PVDF composite calculated at the global minimum objective function value 7.13e-7 ( 
Conclusion
The optimum estimated values of the relative complex permeability were within the specified limits estimated range of each complex permittivity component of Sm-YIG in PVDF composites calculated at the global minimum objective function value. The optimization procedure presented the right way to estimate the permeability of each component of the composite material. All the results are found to be in well agreements with the measured values. This indicates that the optimization process eliminated the difference between the measured impedance and the calculated one by using the MG formula via a specific objective function.
